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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to antibody-con- s 
taining preparations, particularly stabilized antibody- 
containing preparations with low loss of active ingredi- 
ents even after long-term storage. The present invention 
also relates to processes for preparing protein-contain- 
ing stabilized preparations, comprising adjusting the pH 10 
with a basic amino acid or a basic amino acid derivative 
or a salt thereof. 

BACKGROUND ART 

15 

[0002] A number of injectable protein-containing 
preparations are supplied to the market, in which vari- 
ous measures are taken to provide stabilized protein- 
containing preparations with low loss of active ingredi- 
ents even after long-term storage. Protein-containing 20 
preparations are prepared by dissolving active ingredi- 
ents and various additives such as diluents, soiubilizers, 
excipients, soothing agents, buffering agents, sulfur- 
containing reducing agents, antioxidants, stabilizers, 
surfactants, etc. in a buffer. 25 
[0003] A problem generally associated with the stor- 
age of proteins stored as concentrated solutions is their 
deterioration as exemplified by the formation of insolu- 
ble aggregates and that must be prevented. 
[0004] For example, antibodies such as immunogiob- so 
ulins, monoclonal antibodies and humanized antibodies 
are unstable proteins liable to physical or chemical 
changes such as association or aggregation under 
stresses of filtration, concentration and heating for re- 
moving viruses during the purification process. 35 
[0005] A conventional method widely used for inhibit- 
ing deterioration of proteins to stably store them is sta- 
bilization by freeze-drying. However, it was necessary 
to add some agent for protecting against freezing to 
avoid denaturation or chemical changes that might be 40 
caused by mechanical stresses during freezing and 
freeze-drying. 

[0006] A stabilization effect was found by adding as a 
stabilizer for inhibiting chemical or physical changes, 
polymers or polyols including proteins such as human 45 
serum albumin or purified gelatin or oligomers such as 
amino acids and surfactants. However, the addition of 
biopolymers such as proteins as stabilizers had prob- 
lems such as the necessity of a very complex step for 
removing contaminants such as viruses derived from so 
the stabilizers. Moreover, heat treatments for inactivat- 
ing viruses sometimes caused problems such as asso- 
ciation or aggregation due to heat stresses. 
[0007] lnterleukin-6 (IL-6) receptor is a ligand-binding 
protein having a molecular weight of about 80 KD to 55 
which IL-6 binds. Anti-IL-6 receptor antibodies were 
found to have a therapeutic effect on various IL-6-me- 
diated diseases such as immune disorders, inflamma- 



tory diseases or lymphocyte tumors by blocking IL-6 sig- 
nal transduction in immature myeloma cells to inhibit bi- 
ological activities of IL-6 (Tsunenari, T. et al,, Blood, 90: 
2437, 1997; Tsunenari T. et al., Anticancer Res. 16: 
2537, 1 996). We also found that anti-IL-6 receptor anti- 
bodies have a therapeutic effect on immature myeloma 
cells (JP-A-8-099902). 

[0008] We succeeded in the mass production of a re- 
shaped humanized antibody hPM-1 as one of such an- 
ti-IL-6 receptor antibodies, and have tried to formulate 
this purified anti-IL-6 receptor antibody into pharmaceu- 
tical preparations. 

[0009] Similarly to other protein preparations, an im- 
portant factor for formulation of anti-IL-6R antibodies is 
chemical and physical stability. Especially, humanized 
anti-IL-6 receptor antibodies are unstable proteins liable 
to physical or chemical changes such as association or 
aggregation under stresses of filtration, concentration 
and heating for virus elimination during the purification 
process. 

[0010] Thus, there is a demand for the development 
and commercialization of preparations containing an 
antibody, especially a humanized anti-IL-6 receptor an- 
tibody, which are stable even after long-term storage. 
[0011] As for various physiologically active proteins, 
it is also necessary to establish preparation conditions 
and storage conditions for maintaining their structures 
and activities in order to supply them as pharmaceuti- 
cals in constant amount and with high quality. Especial- 
ly, it would be desirable to develop a method for inhibit- 
ing formation of insoluble aggregates in protein solu- 
tions. 

DISCLOSURE OF THE INVENTION 

[0012] As a result of careful studies to achieve the 
above objects, we accomplished the present invention 
on the basis of the finding that heat-induced aggregation 
is controlled by formulating a humanized anti-inter- 
leukin-6 receptor antibody in a glycine buffer and/or his- 
tidine buffer and that such formulations are further sta- 
bilized by adding glycine and/or sucrose. 
[0013] We also accomplished the present invention 
on the basis of the finding that aggregation can be re- 
duced and stabilization effect can be increased by ad- 
justing the pH with a basic amino acid or a basic amino 
acid derivative or a salt thereof. 
[0014] Accordingly, the present invention provides: 

(1) a stabilized preparation containing an antibody 
in a glycine buffer and/or a histidine buffer; 

(2) the stabilized preparation as defined in (1) above 
wherein the antibody is a chimeric antibody or a hu- 
manized antibody; 

(3) the stabilized preparation as defined in (1 ) or (2) 
above wherein the antibody is an anti-interleukin-6 
receptor antibody; 

(4) the stabilized preparation as defined in (3) above 
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wherein the anti-interleukin-6 receptor antibody is 
a humanized anti-interleukin-6 receptor antibody; 

(5) the stabilized preparation as defined in (1) above 
wherein the concentration of the glycine buffer and/ 

or histidine buffer is 5 mM - 200 mM; 5 

(6) the stabilized preparation as defined in any one 
of (1)to (5) above which contains glycine and/or su- 
crose as an isotonizing agent; 

(7) the stabilized preparation as defined in (6) above 
containing 0.05-1 M glycine and/or sucrose; 10 

(8) the stabilized preparation as defined in any one 
of (1 ) to (7) above, which does not contain NaCI as 
an isotonizing agent; 

(9) a stabilized preparation containing glycine and/ 

or sucrose as an isotonizing agent as well as a hu- 15 
manized anti-interleukin-6 receptor antibody in a 
glycine buffer and/or a histidine buffer; 

(1 0) the stabilized preparation as defined in any one 
of (1 ) to (9) above having a pH of 5-8; 

(11) a method for stabilizing an antibody prepara- 20 
tion, comprising incorporating an antibody in a gly- 
cine buffer and/or a histidine buffer; 

(12) the method as defined in (11) above, compris- 
ing incorporating glycine and/or sucrose as an iso- 
tonizing agent; 25 

(13) a method for stabilizing an anti-interieukin-6 re- 
ceptor antibody preparation, comprising incorporat- 
ing glycine and/or sucrose as an isotonizing agent 
as well as a humanized anti-interleukin-6 receptor 
antibody in a glycine buffer and/or a histidine buffer; 30 

(1 4) a process for preparing a stabilized preparation 
containing a physiologically active protein, compris- 
ing adjusting the pH with a basic amino acid or a 
basic amino acid derivative or a salt thereof; 

(15) the process as defined in (14) above wherein 35 
the basic amino acid is one or more members se- 
lected from histidine, arginine and lysine; 

(16) the process as defined in (15) above wherein 
the basic amino acid is histidine; 

(17) the process as defined in any one of (14) to 40 

(16) above wherein the physiologically active pro- 
tein is a recombinant protein; 

(18) the process as defined in any one of (14) to 

(17) above wherein the physiologically active pro- 
tein is an antibody; 45 

(19) the process as defined in (18) above wherein 
the antibody is a chimerized antibody or a human- 
ized antibody; 

(20) the process as defined in (18) or (19) above 
wherein the antibody is an anti-interleukin-6 recep- 50 
tor antibody; 

(21) the process as defined in (20) above wherein 
the anti-interleukin-6 receptor antibody is a human- 
ized anti-interleukin-6 receptor antibody; 

(22) a stabilized preparation containing an antibody 55 
in a histidine buffer and having a pH of 5-7.5; 

(23) the stabilized preparation as defined in (22) 
above wherein the antibody is an anti-interleukin-6 
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receptor antibody; 

(24) the stabilized preparation as defined in (23) 
above wherein the anti-interieukin-6 receptor anti- 
body is a humanized anti-interleukin-6 receptor an- 
tibody; 

(25) the stabilized preparation as defined in (24) 
above having a pH of 5.5-6.2; 

(26) the stabilized preparation as defined in (25) 
above wherein the concentration of histidine is 1 -50 
mM; 

(27) the stabilized preparation as defined in (26) 
above wherein the concentration of histidine is 3-20 
mM; 

(28) the stabilized preparation as defined in (27) 
above wherein the concentration of histidine is 5-1 0 
mM; 

(29) the stabilized preparation as defined in (24) 
above having a pH of 6.2-7.5; 

(30) the stabilized preparation as defined in (29) 
above wherein the concentration of histidine is 
5-200 mM; 

(31) the stabilized preparation as defined in (30) 
above wherein the concentration of histidine is 
10-150 mM; 

(32) the stabilized preparation as defined in (31) 
above wherein the concentration of histidine is 
25-100 mM; 

(33) the stabilized preparation as defined in any one 
of (22) to (32) above further containing glycine and/ 
or sucrose; 

(34) the stabilized preparation as defined in (33) 
above containing 0.05-1 M glycine and/or sucrose; 
and 

(35) the stabilized preparation as defined in any one 
of (22) to (34) above, which has its pH adjusted with 
a basic amino acid or a basic amino acid derivative 
or a salt thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

FIG. 1 shows the results of native gel electrophore- 
sis showing aggregation when antibody hPM-1 dis- 
solved in 19 mM sodium phosphate, 0.2 M NaCI, 
pH 6.5 was heat-treated at 75°C (electrophoreto- 
gram). 

FIG. 2 shows the results of native gel electrophore- 
sis showing the effect of the type of buffer on aggre- 
gation (electrophoretogram). 
FIG. 3 shows the results of native gel electrophore- 
sis showing the effect of adding 50 mM NaCI into 
buffers and heating on aggregation (electrophore- 
togram). 

FIG. 4 shows the sedimentation coefficient distribu- 
tion g(s*), obtained by DCDT and analysis of a con- 
trol antibody hPM-1 in 19 mM sodium phosphate, 
0.2 M NaCI. 
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FIG. 5 shows the sedimentation coefficient distribu- 
tion g(s*), showing the effect of the type of buffer on 
aggregation. 

FIG. 6 shows the results of native gel electrophore- 
sis showing the effect of glycine and sucrose on ag- 
gregation (electrophoretogram). 
FIG. 7 shows the results of native gel analysis of six 
samples (samples 1 to 6) before and after heating 
(electrophoretogram). 

FIG. 8 shows the results of native gel analysis of 
samples 6-1 , 6-2, 6-3 and 6-4 before and after heat- 
ing (electrophoretogram). 

FIG. 9 shows the results of native gel analysis in 
which samples 6-1 and 6-2 were compared at var- 
ious histidine concentrations (electrophoretogram). 
FIG. 10 shows the results of native gel analysis in 
which sample 6-1 , pH 6.5, sample 6-2, pH 6.0 and 
sample 6-3, pH 6.5 were compared at various his- 
tidine concentrations (electrophoretogram). 
FIG. 11 shows the results of native gel analysis in 
which the effect of histidine was compared between 
two samples at pH 6.0, i.e. samples 6-2 and 6-5 
(electrophoretogram). 

FIG. 12 shows the results of native gel analysis in 
which sample 6-1 (5 mM phosphate/IMa, pH 6.5), 
sample 6-2 (5 mM phosphate/His, pH 6.0) and sam- 
ple 6-5 (5 mM phosphate/Na, pH 6.0) were com- 
pared (electrophoretogram). 
FIG. 13 shows the results of native gel analysis in 
which the effect of sucrose (50-200 mM) added to 
sample 6-2 and the effect of glycine (50-200 mM) 
added to sample 6-5 were compared (electrophore- 
togram). 

FIG. 14 shows the results of native gel analysis in 
which the effect of 200 mM glycine or sucrose was 
compared in two samples at pH 6.0 (samples 6-2 
and 6-5) (electrophoretogram). 

THE MOST PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0016] Antibodies used in stabilized preparations of 
the present invention are preferably monoclonal anti- 
bodies, which may be prepared by any process. Mono- 
clonal antibodies can be basically constructed by known 
techniques as follows. A suitable host is immunized with 
an immunizing antigen according to a standard immu- 
nization technique, and the resulting immunized cells 
are fused to known parent cells by a standard cell fusion 
technique, and then the fused cells are screened for 
monoclonal antibody-producing cells by a standard 
screening method. 

[0017] Antibodies contained in stabilized prepara- 
tions of the present invention include, but not limited to, 
anti-IL-6 receptor antibodies, anti-HM1 .24 antigen mon- 
oclonal antibodies, anti -parathyroid hormone related 
peptide antibodies (anti-PTHrP antibodies), anti-tissue 
factor antibodies, etc. For example, anti-IL-6 receptor 



antibodies include PM-1 (Hirata et a!., J. Immunol. 143: 
2900-2906, 1 989), AUK12-20, AUK64-7 or AUK146-15 
(International Publication No. W092/19759). 
[0018] Monoclonal antibodies are not limited to those 
5 produced by hybridomas, but also include chimeric an- 
tibodies obtained by artificial modifications to lower het- 
eroantigenicity to human or for other purposes. Re- 
shaped humanized antibodies can also be used in the 
present invention, which are obtained by replacing the 
10 complementarity-determining regions of a human anti- 
body by the complementarity-determining regions of a 
non-human mammalian antibody such as a mouse an- 
tibody by standard gene recombination techniques also 
known. These known techniques can be used to obtain 
is reshaped humanized antibodies. 

[0019] If necessary, reshaped humanized antibodies 
may have some amino acid changes in the framework 
regions (FRs) of the variable regions so that the com- 
plementarity-determining regions form an appropriate 
20 antigen-binding site (Sato et al., Cancer Res. 53:1-6, 
1993). Such reshaped humanized antibodies are pref- 
erably exemplified by humanized anti-IL-6 receptor an- 
tibodies (hPM-1) (see International Publication No. 
W092/1 9759). Other preferred antibodies for use in the 
25 present invention include humanized anti-HM1 — 24 an- 
tigen monoclonal antibodies (see International Publica- 
tion No. W098/1 4580), humanized anti-parathyroid hor- 
mone related peptide antibodies (anti-PTHrP antibod- 
ies) (see International Publication No. W098/13388), 
30 humanized anti-tissue factor antibodies (see Interna- 
tional Publication No. W099/51743), etc. 
[0020] Human antibodies constructed with transgenic 
animals or the like are also preferred. 
[0021] Antibodies also include reshaped antibody 
35 fragments such as Fab and (Fab') z and monovalent or 
multivalent single-chain antibodies (scFvs). 
[0022] Physiologically active protein-containing sam- 
ples or antibody-containing samples herein may be 
samples containing any protein or antibody irrespective 
40 of whether it is a biological protein or antibody or a re- 
combinant protein or antibody, preferably culture media 
of mammalian cells such as CHO cells containing a 
physiologically active protein or antibody obtained by 
cultivation or those media having undergone some 
45 treatment such as partial purification. 

[0023] We tested heat stability of antibody hPM-1 dis- 
solved in 1 9 mM sodium phosphate, 0.2 M NaCI, pH 6.5 
to find that aggregation scarcely occurred even after ex- 
tended incubation at 70°C or less. Then, aggregates 
50 were formed when antibody hPM-1 was heat-treated at 
75°C. This result shows that aggregation is induced in 
antibody hPM-1 only after thermal transition character- 
ized by a fusion point of 72°C has been passed. As the 
incubation period increased, the intensity of the aggre- 
55 gate band increased and the monomer content was al- 
most lost after 60 minutes. These aggregates seemed 
to be non-covaient because they dissociated in the pres- 
ence of sodium dodecyl sulfate. 
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[0024] After examinations of various factors contrib- 
uting to the inhibition of this heat-induced aggregation, 
we found that aggregation can be controlled by dissolv- 
ing a humanized anti-IL-6 receptor antibody in a glycine 
buffer and/or a histidine buffer. 

[0025] Therefore, stabiiized preparations of the 
present invention can be prepared by dissolving an an- 
tibody in a glycine buffer and/or a histidine buffer. 
[0026] The glycine buffer or histidine buffer has a con- 
centration of 5-200 mM, preferably 5-50 mM , more pref- 
erably 5-20 mM. The glycine buffer and histidine buffer 
may be used alone or in combination at a total concen- 
tration within the above range. 

[0027] Stabilized preparations of the present inven- 
tion can be more stable preparations with less aggrega- 
tion by adding glycine and/or sucrose as an isotonizing 
agent. The amount of glycine and/or sucrose to be add- 
ed is 0.05-1 M. 

Preparations of the present invention are preferably free 
from NaCl because the aggregation-reducing effect of 
glycine and/or sucrose is lowered by adding NaCl. 

[0028] Stabilized preparations of the present inven- 
tion preferably have a pH of 5-8. 
[0029] We also examined various factors contributing 
to the inhibition of aggregation to find that aggregation 
is reduced and stabilization effect is increased by ad- 
justing the pH with a basic amino acid or a basic amino 
acid derivative or a salt thereof rather than NaOH as 
used in conventional methods. 

[0030] Accordingly, the present invention provides 
processes for preparing a protein-containing stabilized 
preparation, comprising adjusting the pH with a basic 
amino acid or a basic amino acid derivative or a salt 
thereof. 

[0031] Processes for preparing a physiologically ac- 
tive protein-containing stabilized preparation of the 
present invention are useful for not only antibody-con- 
taining preparations as described above but also other 
physiologically active protein -containing preparations. 
For example, physiologically active proteins include, but 
not limited to, hematopoietic factors such as granulocyte 
colony-stimulating factor (G-CSF), granulocyte macro- 
phage colony-stimulating factor (GM-CSF), erythropoi- 
etin (EPO) and thrombopoietin; cytokines such as inter- 
feron, IL-1 and IL-6; monoclonal antibodies: tissue plas- 
minogen activator (TPA); urokinase; serum albumin; 
blood coagulation factor VIII; ieptin; insulin; and stem 
cell growth factor (SCF). Preferred proteins are hemat- 
opoietic factors such as EPO, G-CSF and thrombopoi- 
etin and monoclonal antibodies, more preferably EPO, 
G-CSF and monoclonal antibodies. 
[0032] Physiologically active proteins used as active 
ingredients in the present invention may be derived from 
natural sources or preferably genetically engineered so 
far as they have substantially the same biological activ- 
ities as those of physiologically active proteins of mam- 



mals, especially human. Genetically engineered pro- 
teins may have the same amino acid sequences as 
those of natural proteins or may contain deletion, sub- 
stitution or addition of one or more amino acids in the 

5 amino acid sequences while maintaining the biological 
activities. Physiologically active proteins also include 
those chemically modified with PEG or the like. 
[0033] Physiologically active proteins used as active 
ingredients in the present invention include, for exam- 

10 pie, proteins having a sugar chain. The sugar chain may 
be derived from any source, but preferably those for gly- 
cosylation in mammalian cells. Mammalian cells in- 
clude, for example, Chinese hamster ovary (CHO) cells, 
BHK cells, COS cells, human-derived cells, etc., among 

is which CHO cells are most preferred. 

[0034] When the physiologically active protein used 
as an active ingredient in the present invention is EPO, 
EPO may be prepared by any process, e.g. it may be 
extracted from human urine and isolated and purified by 

20 various techniques or may be produced by genetic en- 
gineering techniques (see JP-A-61 -012288, for exam- 
ple) in Chinese hamster ovary (CHO) cells, BHK cells, 
COS cells, human-derived cells or the like and then ex- 
tracted and isolated and purified by various techniques. 

25 EPO chemically modified with PEG or the like is also 
included (see International Publication No. 
WO90/12874). EPO having no sugar chain and chemi- 
cally modified with PEG orthe like is also included. EPO 
analogs are also included, in which EPO has been mod- 

30 ifiedto increase the number of one or more glycosylation 
sites at the N-linked carbohydrate chain binding site or 
O-linked carbohydrate binding site in the amino acid se- 
quence of EPO (see JP-A-8-151398 and JP-A- 
8-506023, for example). Moreover, the amount of sugar 

35 chains may be increased by increasing the content of 
sialic acid or the like without changing the number of 
sugar chain-binding sites. 

[0035] When the physiologically active protein used 
as an active ingredient in the present invention is 

40 G-CSF, any of the highly purified human G-CSFs can 
be used. G-CSF in the present invention may be pre- 
pared by any process, e.g., they may be extracted from 
cultures of a human tumor ceil line and isolated and pu- 
rified by various techniques or may be produced by ge- 

45 netic engineering techniques in bacterial cells such as 
E. coli; yeast cells; animal culture cells such as Chinese 
hamster ovary (CHO), C127 or COS cells and then ex- 
tracted and isolated and purified by various techniques. 
G-CSF is preferably produced by genetic recombination 

50 in E. coli, yeast or CHO cells, most preferably by genetic 
recombination in CHO cells. G-CSF chemically modified 
with PEG orthe like is also included (see International 
Publication No. WO90/1 2874). 

[0036] The basic amino acid used for adjusting the pH 
55 is preferably one or more members selected from histi- 
dine, arginine and lysine, most preferably histidine. 
[0037] Basic amino acids or basic amino acid deriva- 
tives or salts thereof include free basic amino acids or 
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basic amino acid derivatives and their salts such as so- 
dium salts, potassium salts or hydrochlorides. Basic 
amino acids or basic amino acid derivatives or salts 
thereof used in processes and preparations of the 
present invention may be in D-, L- or DL-configu ration, 5 
more preferably L-configu ration. Basic amino acid de- 
rivatives include amino acid nitro compounds, amino al- 
cohols, dipeptides or the like. For example, histidine de- 
rivatives include derivatives described in JP-A- 
11-315031 , i.e. histidine methyl ester, His-Gly, His-Ala, 10 
His-Leu, His-Lys, His-Phe, imidazole, histamine or imi- 
dazole-4-acetic acid. 

[0038] In processes of the present invention, the pH 
is preferably adjusted to 5-7.5 with a basic amino acid 
or a basic amino acid derivative or a salt thereof, pref- 15 
erably oneormore members selected from histidine, ar- 
ginine, lysine or derivatives or salts thereof, most pref- 
erably histidine or a derivative thereof or a salt thereof. 
Most preferably, the pH is adjusted with histidine. 
[0039] In a preferred embodiment of a process of the 20 
present invention, a preparation containing an antibody 
in a histidine buffer is pH-adjusted with a basic amino 
acid or a basic amino acid derivative or a salt thereof. 
For example, aggregation can be reduced when a hu- 
manized anti-interleukin-6 receptor antibody is con- 25 
tained in a histidine buffer rather than conventional 
phosphate buffers. However, other buffers can also be 
used. 

[0040] A correlation exists between the pH of prepa- 
rations and preferred histidine concentrations in buffers. 30 
When the pH of preparations is 5.5-6.2, preferably 
5.7-6.2, stabilization effect is especially remarkable at a 
histidine concentration of 1-50 mM, preferably 3-20 mM, 
more preferably 5-10 mM. When the pH of preparations 
is 6.2-7.5, preferably 6.3-7.0, stabilization effect is re- 35 
markable at a histi dine concent rati on of 5-200 mM, pref- 
erably 10-150 mM, more preferably 25-100 mM. 
[0041] Stabilized preparations of the present inven- 
tion can be more stable preparations with less aggrega- 
tion by further adding glycine and/or sucrose. The 40 
amount of glycine and/or sucrose to be added is prefer- 
ably 0.05-1 M. 

[0042] Preparations of the present invention may fur- 
ther contain isotonizing agents, e.g., polyethylene gly- 
col; and sugars such as dextran, mannitoi, sorbitol, in- 45 
ositol, glucose, fructose, lactose, xylose, mannose, mal- 
tose and raffinose. 

[0043] Stabilized preparations of the present inven- 
tion may further contain surfactants. Typical examples 
of surfactants include: 

nonionic surfactants, e.g., sorbitan fatty acid esters 
such as sorbitan monocaprylate, sorbitan monolau- 
rate, sorbitan monopalmitate; glycerin fatty acid es- 
ters such as glycerin monocaprylate, glycerin mon- 
omyristate, glycerin monostearate; polyglycerin fat- 
ty acid esters such as decaglyceryl monostearate, 
decaglyceryl distearate, decaglyceryl monoli- 



noleate; polyoxyethylene sorbitan fatty acid esters 
such as polyoxyethylene sorbitan monolaurate, 
polyoxyethylene sorbitan monooieate, polyoxyeth- 
ylene sorbitan monostearate, polyoxyethylene 
sorbitan monopalmitate, polyoxyethylene sorbitan 
trioleate, polyoxyethylene sorbitan tristearate; poly- 
oxyethylene sorbitol fatty acid esters such as poly- 
oxyethylene sorbitol tetrastearate, polyoxyethylene 
sorbitol tetraoleate; polyoxyethylene glycerin fatty 
acid esters such as polyoxyethylene glyceryl mon- 
ostearate; polyethylene glycol fatty acid esters such 
as polyethylene glycol distearate: polyoxyethylene 
alkyl ethers such as polyoxyethylene lauryl ether; 
polyoxyethylene polyoxypropylene alkyl ethers 
such as polyoxyethylene polyoxypropylene glycol 
ether, polyoxyethylene polyoxypropylene propyl 
ether, polyoxyethylene polyoxypropylene cetyl 
ether; polyoxyethylene alkyl phenyl ethers such as 
polyoxyethylene nonyi phenyl ether; polyoxyethyl- 
ene hardened castor oils such as polyoxyethylene 
castor oil, polyoxyethylene hardened castor oil 
(polyoxyethylene hydrogenated castor oil); polyox- 
yethylene beeswax derivatives such as polyoxyeth- 
ylene sorbitol beeswax; polyoxyethylene lanolin de- 
rivatives such as polyoxyethylene lanolin; polyox- 
yethylene fatty acid amides such as polyoxyethyl- 
ene stearic acid amide having an HLB of 6-18; 
anionic surfactants, e.g., alkyl sulfates having a 
C1 0-1 8 alkyl.group such as sodium cetyl sulfate, so- 
dium lauryl sulfate, sodium oieyl sulfate; polyox- 
yethylene alkyl ether sulfates having an average 
ethylene oxide mole number of 2-4 and a C10-18 
alkyl group such as sodium polyoxyethylene lauryl 
sulfate; alkyl sulfosuccinic acid ester salts having a 
C8-1 8 alkyl group such as sodium laurylsulfosucci- 
nate; and 

natural surfactants, e.g., lecithin; glycerophosphol- 
ipids; sphingophospholipids such as sphingomye- 
lin; sucrose fatty acid esters of C12-18 fatty acids. 
One or more of these surfactants may be added in 
combination to preparations of the present inven- 
tion. 

[0044] Stabilized preparations of the present inven- 
tion may furthercontain diluents, soiubilizing agents, ex- 
cipients, pH-modifiers, soothing agents, buffering 
agents, sulfur-containing reducing agents, antioxidants 
orthe like, if desired. For example, sulfur-containing re- 
ducing agents include N-acetylcysteine, N-acetyihomo- 
50 cysteine, thioctic acid, thiodiglycol, thioethanoiamine, 
thioglycerol, thiosorbitol, thiogiycolic acid and salts 
thereof, sodium thtosu If ate, glutathione, and suffhydryl- 
containing compounds such asthioalkanoic acid having 
1 to 7 carbon atoms. Antioxidants include erythorbic ac- 
55 id, dibutylhydroxytoluene, butyihydroxyanisole, a-toco- 
pherol, tocopherol acetate, L-ascorbic acid and salts 
thereof, L-ascorbyl palmitate, L-ascorbyl stearate, sodi- 
um bisulfite, sodium sulfite, triamyl gallate, propyl gal- 
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late or chelating agents such as disodium ethylenedi- 
amine tetraacetate (EDTA), sodium pyrophosphate and 
sodium metaphosphate. Other components commonly 
added may also be contained, e.g., inorganic salts such 
as sodium chloride, potassium chloride, calcium chio- 5 
ride, sodium phosphate, potassium phosphate and so- 
dium bicarbonate; and organic salts such as sodium ci- 
trate, potassium citrate and sodium acetate. 
[0045] Stabilized preparations of the present inven- 
tion are normally administered via parenteral routes 10 
such as injection (e.g. subcutaneous, intravenous, in- 
tramuscular or intraperitoneal injection) or percutane- 
ous, mucosal, nasal or pulmonary administration, but 
may also be orally administered. 

[0046] Stabilized preparations of the present inven- 15 
tion may also be in the form of solution formulations or 
freeze-dried formulations to be reconstituted in solution 
before use. Suitable excipients forfreeze-drying include 
sugar alcohols or sugars such as mannitol or glucose. 
[0047] The amount of antibodies contained in prepa- 20 
rations of the present invention depends on the type of 
the disease to be treated, the seventy of the disease, 
the age of the patient and other factors, but generally 
ranges from 0.1 -200 mg/ml, preferably 1 -1 20 mg/ml ex- 
pressed as a final concentration. 25 

INDUSTRIAL APPLICABILITY 

[0048] As shown in the examples below, it was dem- 
onstrated that heat-induced aggregation can be control- 30 
led with stabilized preparations of the present invention 
formulated in a. glycine buffer and/or a histidine buffer 
and that aggregation can be further reduced by adding 
glycine and/or sucrose. 

[0049] According to processes for preparing a stabi- 35 
lized preparation containing a physiologically active pro- 
tein of the present invention, heat-induced aggregation 
can be controlled to provide a stable preparation by ad- 
justing the pH with a basic amino acid or a basic amino 
acid derivative or a salt thereof. 40 
[0050] The following examples further illustrate the 
present invention without, however, limiting the scope 
of the invention thereto. Various changes and modifica- 
tions can be made by those skilled in the art on the basis 
of the description of the invention, and such changes 45 
and modifications are also included in the present in- 
vention. 

EXAMPLES 

50 

Test methods 
(1) Materials 

[0051] Antibody hPM-1 was used as a humanized an- 55 
ti-lL-6 receptor antibody. Antibody hPM-1 is a human- 
ized antibody prepared according to the protocol de- 
scribed in Reference example 2 of JP-A-8-099902 using 



the human elongation factor la promoter described in 
Example 10 of International Publication No. 
W092/19759. Antibody hPM-1 was purified through a 
protein A column and stored in 19 mM sodium phos- 
phate, 0.2 M NaCI, pH 6.5. 

(2) Determination of protein concentrations 

[0052] Protein concentrations were calculated from 
the absorbances measured at 280 nm with a spectro- 
photometer (DU-600, Beckman-Coulter) using extinc- 
tion coefficients per mg/ml (calculated from the amino 
acid sequence). 

(3) Sedimentation velocity 

[0Q53] Sedimentation velocity determined by analyti- 
cal ultracentrifugation is an excellent tool for detecting 
minor changes in protein aggregation. This method can 
detect aggregation on the level of about 1% by weight. 
[0054] All samples were diluted with various formulat- 
ed buffers to about 0.5 mg/ml immediately before anal- 
ysis and scanned for very large aggregates sedimented 
by centrifugation at a low rotor speed of 3,000 rpm using 
a Beckman XL A analytical ultracentrifuge at 20°C. 
Then, the monomer and small oligomers were sedi- 
mented at a rotor speed of 45,000 rpm. 
[0055] Data were analyzed by the program DCDT+ 
developed by John Philo using the dc/dt method (Staf- 
ford. Anal. Biochem. 203:295-230, 1992). In some cas- 
es, the program SVEDBERG (also developed by John 
Philo) was used. 

(4) Native gel electrophoresis 

[0056] Protein aggregation was analyzed by native 
gel electrophoresis in the absence of SDS. In this meth- 
od, the mobility of proteins depends on both hydrody- 
namicsize and charge state. Native gel electrophoresis 
allows non-covalent protein aggregates to be detected 
in the absence of SDS. We developed a protocol for na- 
tive gel analysis of antibody hPM-1, because antibody 
hPM-1 is a basic protein for which the ordinary polarity 
in normal Tris-glycine buffer systems or SDS gel elec- 
trophoresis cannot be applied. 

[0057] Native gel electrophoresis was performed on 
a 7% Novex NuPAGE Tris-acetate gel (purchased from 
Novex). The electrode buffer used was 80 mM p- 
alanine/40 mM AcOH, pH 4.4 or 30 mM histidine/30 mM 
MES, pH 6.1. Antibody hPM-1 was positively charged 
atpH 6.1 , and subjected to electrophoresis in a direction 
from the anode to cathode. Samples were mixed with a 
5-fold excess of the electrode buffer containing sucrose 
and methyl green. 

Example 1 : Heat stability of antibody hPM-1 

[0058] Antibody hPM-1 dissolved in 19 mM sodium 
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phosphate, 0,2 M NaCl, pH 6.5 was tested for heat sta- 
bility. Fig. 1 shows the results of native gel electrophore- 
sis before and after heat treatment at 75°C for 5-60 min- 
utes. 

[0059] In Fig. 1 , a single band appears before heat 
treatment to show that the purified protein is very homo- 
geneous in charge state and size. Sedimentation veloc- 
ity of the same sample was co nstant to show it is a mon- 
omer species. After heating at 75°C for 5 minutes, a 
band corresponding to aggregates was observed. As 
the incubation period increased, the intensity of the ag- 
gregate band increased and the monomer content was 
almost lost after 60 minutes. These aggregates seemed 
to be non-covalent because they dissociated in the pres- 
ence of sodium dodecyl sulfate. 

Example 2: Effect of the type of buffer on aggregation 

[0060] Five buffers (all 1 9 mM) were used to examine 
their effect on aggregation. The pHs of samples pre- 
pared by dissolving an antibody hPM-1 preparation in 
these buffers (at a concentration of about 1 mg/ml) are 
as follows. 

1) sodium phosphate (pH 6.8) 

2) histidine— HCI (pH 7.1) 

3) sodium citrate (pH 6.7) 

4) Tris-HCI (pH 7.2) 

5) glycine (pH 7.6). 

[0061] These samples were heated at 75°C for 60 
minutes and subjected to native gel analysis. Fig. 2 
shows the results before and after heating. The mono- 
mer content was the highest to give the smallest amount 
of aggregation in glycine and it decreased in the order 
of histidine-HCl, Tris-HCI : sodium phosphate and sodi- 
um citrate. Very few aggregates were observed in gly- 
cine. 

[0062] When 50 mM NaCl was added to these buffers, 
aggregation after heating greatly increased in any buff- 
ers (Fig. 3). 

Example 3: Effect of the type of buffer on sedimentation 
distribution 

[0063] In order to examine the nature of heat-induced 
aggregation in these buffers, a sedimentation test was 
then performed. Fig.. 4 shows the sedimentation coeffi- 
cient distribution g(s*) obtained from the dc/dt analysis 
of a control antibody hPM-1 in 19 mM sodium phos- 
phate, 0.2 M NaCl. This sample is shown to be a single 
species having a sedimentation coefficient of about 6.2 
svedbergs (S). Fig. 5 shows the sedimentation profile of 
an antibody hPM-1 -containing preparation sample dis- 
solved in five buffers shown in Example 2 and heated 
at 75°C for 60 minutes. Considerable aggregation and 
monomer species loss were observed in the other buff- 
ers than 19 mM glycine, pH 7.6. Monomer loss was the 



greatest in sodium citrate, followed by sodium phos- 
phate, Tris-HCI . histidine-HCl and glycine in descending 
order. Broad distribution representing the existence of 
aggregates was observed in phosphate, citrate and Tris, 

5 which extended to 40 S or more and had a peak at about 
1 5-1 8 S. Aggregates observed in histidine were not ob- 
served at about 25 S or more and had a peak at about 
1 0 S. These results agree with the results of native gel 
analysis on the preparations after heat treatment de- 

10 scribed in Example 2. 

Example 4: Effect of glycine and sucrose 

[0064] This example relates to evaluation of the effect 
15 of glycine or sucrose on aggregation as used in place 
of NaCl. Samples of antibody hPM-1 dissolved in 1 9 mM 
sodium phosphate, 0.2 M NaCl, pH 6.5 were dialyzed 
against 1 9 mM sodium phosphate, pH 6.5 containing 0.2 
M glycine or 0.2 M sucrose. These samples were heated 
20 at 75°C for 20-60 minutes in parallel. Fig. 6 shows the 
results of native gel electrophoresis. Comparing mono- 
mer bands, the monomer content was lower in 19 mM 
- sodium phosphate, 0.2 M NaCl after heating for 20 min- 
utes. This difference became more significant when the 
25 incubation period was extended to 40 and 60 minutes. 
Sucrose was more effective than glycine in reducing ag- 
gregation of antibody hPM-1 induced by heat treatment. 
Thus, NaCl showed a negative effect on the prevention 
of aggregation as it did in Example 2. 

30 

Example 5: Native gel analysis of antibody hPM-1 
samples before and after heating 

[0065] Six samples (samples 1 to 6) of said antibody 
35 hPM-1 preparation stored in 1 9 mM sodium phosphate, 
0.2 M NaCl, pH 6.5 were subjected to native gel analy- 
sis. The results of about 28 u,g samples on the gel are 
shown in the right lane of Fig. 7. 

[0066] Said six samples were diluted in 20 mM sodi- 
40 um phosphate, 0.2 M NaCl, pH 6.5 to prepare an anti- 
body hPM-1 solution at a concentration of about 2 mg/ 
ml, which was dialyzed against the buffer. After dialysis, 
the protein concentrations were spectrophotometrically 
determined at an extinction coefficient of 1 .401 with the 
45 results below. 

Sample 1: 1.87 mg/ml 
Sample 2: 1 .77 mg/ml 
Sample 3: 1 .89 mg/ml 
50 Sample 4: 1 .89 mg/ml 
Sample 5: 1 .87 mg/ml 
Sample 6: 1 .85 mg/ml. 

[0067] These samples were subjected to native gel 
55 analysis. The results were the same as shown in the 
right lane of Fig. 7. confirming that aggregation was not 
influenced by dilution and dialysis. 
[0068] Then, these samples were heated at 75°C for 
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one hour and subjected to native gel analysis in the 
same manner (except that 49 u,g samples were used). 
The results are shown in the left lane of Fig. 7. The an- 
tibody hPM-1 monomer content remarkably decreased 
in all the samples to show that aggregates were formed. 5 

Example 6: Effect of the type and pH of buffer on 
aggregation 

[0069] Sample 6 was diluted in the five buffers below 10 
to prepare antibody hPM-1 solutions at a concentration 
of about 2 mg/ml. 

[0070] Sample 6-1: 5 mM phosphate/Na, pH 6.5 [5 
mM sodium phosphate (monobasic) adjusted to pH 6.5 
with concentrated NaOH]; 15 
[0071] Sample 6-2: 5 mM phosphate/His, pH 6.0 [5 
mM sodium phosphate (monobasic) adjusted to pH 6.0 
with concentrated histidine (base) to a final histidine 
concentration of 1 mM]; 

[0072] Sample 6-3: 5 mM phosphate/His, pH 6.5 [5 20 
mM sodium phosphate (monobasic) adjusted to pH 6.5 
with concentrated histidine (base) to a final histidine 
concentration of 6.6 mM]; 

[0073] Sample 6-4: 5 mM phosphate/Na + 20 mM His/ 
HC1 , pH 6.5 [10 mM phosphate, pH 6.5 mixed with an 25 
equal amount of 40 mM His/HC1, pH 6.5]; and 
[0074] Sample 6-5: 5 mM phosphate/Na, pH 6.0 [5 
mM sodium phosphate (monobasic) adjusted to pH 6.0 
with concentrated NaOH]. 

[0075] These samples were dialyzed against the re- 30 
spective buffers shown above. After dialysis, the protein 
concentrations were determined with the results below. 

Sample 6-1 : 1 .80 mg/ml 

Sample 6-2: 1 .75 mg/ml 35 
Sample 6-3: 1 .82 mg/ml 
Sample 6-4: 1 .84 mg/ml 
Sample 6-5: 1 .68 mg/ml. 

[0076] These samples were subjected to native gel 40 
analysis before and after heat treatment at 75° C for 1 
hour. 

[0077] Fig. 8 shows the analytical results of samples 
6-1 , 6-2, 6-3 and 6-4. Aggregation was the least in sam- 
ple 6-2 followed by sample 6-4. This showed that pH 6.0 45 
gave better results than pH 6.5 and that pH adjustment 
with histidine had a stabilization effect. 
[0078] Fig. 9 shows the results of comparison of sam- 
ples 6-1 and 6-2 at various histidine concentrations. The 
samples were prepared by mixing sample 6-1 or 6-2 with 50 
a 0.25 M histidine solution (mixed with the correspond- 
ing buffer to adjust pH). Less aggregates were formed 
at pH 6.0 (sample 6-2) than pH 6.5 (sample 6-1), show- 
ing that the effect of histidine varies with pH. 
[0079] The stabilization effect of histidine was consid- 55 
erable at a concentration of 5-10 mM at pH 6.0, while 
the stabilization effect increased with histidine concen- 
tration at pH 6.5 as shown by the results at 25-50 mM. 



[0080] Then, the effect of histidine concentration on 
aggregation was examined on other samples. Fig. 10 
shows the results of comparison of sample 6-1 , pH 6.5, 
sample 6-2, pH 6.0 and sample 6-3, pH 6.5 at various 
histidine concentrations. 

[0081] Some stabilization effect was found in sample 
6-3, pH 6.5 even when the concentration was increased 
to 1 00 mM, but the effect was greater at lower histidine 
concentrations such as 5-1 0 mM at pH 6.0 (sample 6-2) 
than every histidine concentration at pH 6.5. However, 
the actual histidine concentrations of sample 6-3 are 3.3 
mM higher than indicated, because this sample initially 
contains 6.6 mM histidine. 

[0082] Comparison of samples 6-1 and 6-3 at 50 or 
1 00 mM (for the same reason, sample 6-3 here also con- 
tains histidine in an amount 3.3 mM higher than indicat- 
ed) showed that sample 6-3 had a higher monomer con- 
tent with less aggregation. Samples 6-1 and 6-3 differ 
in the means for adjusting the pH to 6.5. That is, sample 
6-1 was adjusted to pH 6.5 with NaOH, while sample 
6-3 was adjusted with concentrated histidine used as a 
base. Thus, stabilization effect is greater when histidine 
is used than when conventional NaOH is used to adjust 
the pH to 6.5. 

[0083] Fig. 1 1 shows the results of comparison of the 
effect of histidine in two samples at pH 6.0, i.e. samples 
6-2 and 6-5. In both samples, 5-1 0 mM histidine was the 
most effective. 

[0084] Fig. 12 shows the results of comparison of 
sample 6-1 (5 mM phosphate/Na ; pH 6.5), sample 6-2 
(5 mM phosphate/His, pH 6.0) and sample 6-5 (5 mM 
phosphate/Na, pH 6.0). The aggregate content was the 
lowest in 6-2 followed by 6-5 and then 6-1. This con- 
firmed that antibody hPM-1 is more stable at pH 6.0. 
Samples 6-2 and 6-5 differ in the means for adjusting 
pH to 6.0. That is, sample 6-5 was adjusted to pH 6.0 
with NaOH, while sample 6-2 was adjusted with concen- 
trated histidine used as a base. Thus, stabilization effect 
is greaterwhen histidine is used than when conventional 
NaOH is used to adjust the pH to 6.0 similarly to pH 6.5. 
[0085] Fig. 13 shows the effect of sucrose (50-200 
mM) added to sample 6-2. Effective prevention of ag- 
gregation was observed as the sucrose concentration 
increased. 

[0086] Fig. 13 also shows the effect of glycine (50-200 
mM) added to sample 6-5. Remarkably effective preven- 
tion of aggregation was observed as the glycine con- 
centration increased. 

[0087] Fig. 14 shows a comparison of the effect of 200 
mM glycine or sucrose in two samples at pH 6.0 (6-2 
and 6-5). Aggregation was less in 6-2 than 6-5. It was 
further confirmed from these results that pH adjustment 
is more effective with histidine than NaOH. 



Claims 

1 . A stabilized preparation containing an antibody in a 
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glycine. buffer and/or a histidine buffer. 

2. The stabilized preparation of Claim 1 wherein the 
antibody is a chimeric antibody or a humanized an- 
tibody. 

3. The stabilized preparation of Claim 1 or 2 wherein 
the antibody is an anti-interleukin-6 receptor anti- 
body. 

4. The stabilized preparation of Claim 3 wherein the 
anti-interleukin-6 receptor antibody is a humanized 
anti-interleukin-6 receptor antibody. 

5. The stabilized preparation of Claim 1 wherein the 
concentration of the glycine buffer and/or histidine 
buffer is 5 mM - 200 mM. 

6. The stabilized preparation of any one of Claims 1 
to 5 which contains glycine and/or sucrose as an 
isotonizing agent. 

7. The stabilized preparation of Claim 6 containing 
0.05-1 M glycine and/or sucrose. 

8. The stabilized preparation of any one of Claims 1 
to 7, which does not contain NaCI as an isotonizing 
agent. 

9. A stabilized preparation containing glycine and/or 
sucrose as an isotonizing agent as well as a human- 
ized anti-interieukin-6 receptor antibody in a glycine 
buffer and/or a histidine buffer. 

10. The stabilized preparation of any one of Claims 1 
to 9 having a pH of 5-8. 

11. A method for stabilizing an antibody preparation, 
comprising incorporating an antibody in a glycine 
buffer and/or a histidine buffer. 

12. The method of Claim 11 , comprising incorporating 
glycine and/or sucrose as an isotonizing agent. 

13. A method for stabilizing an anti-interieukin-6 recep- 
tor antibody preparation, comprising incorporating 
glycine and/or sucrose as an isotonizing agent as 
well as a humanized anti-interleukin-6 receptor an- 
tibody in a glycine buffer and/or a histidine buffer. 

14. A process for preparing a stabilized preparation 
containing a physiologically active protein, compris- 
ing adjusting the pH with a basic amino acid or a 
basic amino acid derivative or a salt thereof. 

15. The process of Claim 14 wherein the basic amino 
acid is one or more members selected from histi- 
dine, arginine and lysine. 



10 



16. The process of Claim 15 wherein the basic amino 
acid is histidine. 

17. The process of any one of Claims 1 4 to 1 6 wherein 
the physiologically active protein is a recombinant 
protein. 

1 8. The process of any one of Claims 1 4 to 17 wherein 
the physiologically active protein is an antibody. 

19. The process of Claim 18 wherein the antibody is a 
chimerized antibody or a humanized antibody. 



20. The process of Claim 1 8 or 1 9 wherein the antibody 
15 is an anti-interleukin-6 receptor antibody. 

21. The process of Claim 20 wherein the anti-inter- 
ieukin-6 receptor antibody is a humanized anti-in- 
terleukin-6 receptor antibody. 

20 

22. A stabilized preparation containing an antibody in a 
histidine buffer and having a pH of 5-7.5. 

23. The stabilized preparation of Claim 22 wherein the 
25 antibody is an anti-interleukin-6 receptor antibody. 

24. The stabilized preparation of Claim 23 wherein the 
anti-interleukin-6 receptor antibody is a humanized 
anti-interleukin-6 receptor antibody. 

30 

25. The stabilized preparation of Claim 24 having a pH 
of 5.5-6.2. 

26. The stabilized preparation of Claim 25 wherein the 
35 concentration of histidine is 1-50 mM. 

27. The stabilized preparation of Claim 26 wherein the 
concentration of histidine is 3-20 mM. 

40 28. The stabilized preparation of Claim 27 wherein the 
concentration of histidine is 5-10 mM. 

29. The stabilized preparation of Claim 24 having a pH 
of 6.2-7.5. 

45 

30. The stabilized preparation of Claim 29 wherein the 
concentration of histidine is 5-200 mM. 

31 . The stabilized preparation of Claim 30 wherein the 
50 concentration of histidine is 10-150 mM. 

32. The stabilized preparation of Claim 31 wherein the 
concentration of histidine is 25-1 00 mM. 

55 33. The stabilized preparation of any one of Claims 22 
to 32 further containing glycine and/or sucrose. 

34. The stabilized preparation of Claim 33 containing 
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p. 05-1 M glycine and/or sucrose. 

35. The stabilized preparation of any one of Claims 22 
to 34, which has its pH adjusted with a basic amino 
acid or a basic amino acid derivative or a salt there- 5 
of. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 



Heated at 75°C for 1 hour 



* • 

.52 * 



o o in 

* » • 

VO \D VO 

WWW 

.22 .22 hrt 

WW " 

s s Jr 



H V) H 



to 

i£3 »-C3 



m *n m m 
« • • » 

so vo vo vo 

WW £ri W 
^ ^^^ F^^^ 

p< & o< & 

*0 •% 

v-« 55 w 

(C^J jf^^ fffmii 1 

s s s 

o in o 

m T-t m 



£££££££££ 



t i 

vo vo 



// 



<s <s 
vo vo vo 



kE; 2^ 

^ ^3 

j3j 



fO to fO fO fO 
VO VO VO VD V0 



^J^^l ^5^^ ^^5?" 
^^™*^ 

2 3 2 3 2. 

WW 






ill 



21 



3NSDOCID: <EP 1314437A1 I > 



EP1 314 437 A1 



Fig. 11 



Heated at 75°C for 1 hour 
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Fig. 12 
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Fig. 13 



Heated at 75 C C for 1 hour 
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Fig. 14 



Heated at 75*Cfor 1 hour 
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